SUMMARY Focal electroretinograms (FERG), pattern electroretinograms (PERG), and visual evoked potentials (VEP) were studied in a group of 30 aphakic patients with cystoid macular oedema (ACME). When compared with a control group of age-matched aphakics, 35% of patients were found to have abnormal FERG responses and 53%-over half of whom had normal FERG responses-showed abnormal PERG amplitudes. Although most of the patients had associated optic disc leakage, VEP latencies were normal in 26 out of 30. These results may explain the more severe visual loss seen in some ACME patients where the ophthalmologically visible retinal changes do not seem sufficient to explain such reduction in vision.
Aphakic cystoid macular oedema (ACME), originally described by Irvine' and Gass and Norton,2 remains a poorly understood condition which affects from 5% to 50% of the aphakic population depending on the time at which the patient is tested.3 Some patients improve spontaneously, whereas others develop irreversible visual loss in spite of attempted therapy. 4 Alterations in capillary permeability in the posterior segment result in leakage of fluid from the perifoveal capillaries and from the optic nerve head.2 However, the visual loss is often not explained by the observed macular oedema, and visual acuity may vary considerably in patients with resolved macular oedema. Since most patients with ACME have a variable degree of optic disc leakage on fluorescein angiography, and often no other evidence of papillopathy (normal clinical appearance of the discs, normal fields, and pupillary responses), we attempted to determine whether subtle underlying ganglion cell or optic nerve head dysfunction might be contributing to the unexplained visual loss.
We utilised electrophysiological measures to differentiate the site and nature of the visual dysfunction in ACME patients. The localised nature of this disease necessitated the use of tests of foveo-macular function: photoreceptor and bipolar dysfunction (outer retinal layers) were assessed by means of a focal electroretinogram (FERG); inner layer neuronal (ganglion cell) disturbances were measured by a pattern electroretinogram (PERG). The visual evoked potential (VEP) was used as an indicator of the integrity of the entire visual pathway with emphasis on macular function.
Subjects and methods
Case selection and methodology. Thirty aphakic patients with postoperative development of decreased visual acuity due to ACME were studied. Disc leakage was graded as mild, moderate, or massive, the grade being based on fluorescein angiography (FA). ACME was graded from 0 to 4, the grade also being based on FA: 0=observable oedema with no macular leakage; 1=less than perifoveal oedema; 2=minimal perifoveal oedema; 3= perifoveal oedema of approximately 1 disc diameter; 4=severe perifoveal oedema. 4 An age matched group of aphakic patients with good visual results and no disc or macular oedema were selected as controls.
All subjects were refracted to their best corrected visual acuity (VA), and appropriate lenses were used during electrophysiological testing. Goldmann visual fields and pupillary responses were tested. Dilated fundus examinations including slit-lamp biomicroscopy with the Goldmann contact lens and disc were performed on all patients. Those Recordings. The PERG responses were monocularly recorded with a gold foil electrode. Signals from the eye were amplified and averaged in the same manner as the FERG responses.
VISUAL EVOKED POTENTIALS (VEP)
Stimulus. The same stimulus apparatus used for PERG stimulation was used to generate VEP responses. Check size was reduced to 1/2°, reversal rate slowed to 1.5 rev/s for transient potentials, and the screen was moved away from the subject and subtended 8x11-50. For recording the steady state VER the reversal rate was increased to 11 rev/s and the contrast lowered to 6X0%.
Recordings. A gold cup electrode was positioned 2-5 cm above the inion and referenced to the right ear lobe. The left ear lobe served as earth. The amplification and averaging remained the same as in the PERG and FERG. The latency of the transient response was measured as the time from stimulus onset to the peak of the first prominent positive wave (P100). Steady state response amplitude was measured from the most negative portion of the wave to the top of the following positive peak.
Results
Control subjects. Seventeen aphakic subjects (26 eyes), ranging in age from 40 to 85 years (mean 66.9), were studied. Best corrected visual acuities in this group ranged from 20/20 to 20/30 with a mean of 20/25. Twelve eyes had intracapsular cataract extractions (ICCE), seven of which had intraocular lenses (IOL) (one iris clip and six anterior chamber lenses (AC)). Ten eyes had extracapsular cataract extractions (ECCE), eight of which had posterior chamber (PC) IOLs. The 11 controls without IOLs required high plus lenses (i.e. >+ 10 dioptres for correction). ACME patients. Thirty ACME patients (33 eyes), ranging in age from 57 to 86 years (mean 72.4) and with visual acuities ranging from 20/20 to 20/200, with a calculated mean of 20/94, were tested. The distribution and duration of macular oedema and optic disc leakage in these patients is shown in Table 1 . Twentyseven of the 33 eyes had optic disc leakage associated with macular oedema. Five eyes had optic disc leakage with grade 0 macular oedema, and two eyes had macular oedema with no disc leakage. Four eyes with prior leakage on fluorescein angiography had no leakage or macular oedema at the time of electrophysiological testing: patient 30 (Table 1) had prior ACME grade 3 and massive disc leakage of eight months' duration; patient 31 had prior ACME grade 1 and mild disc leakage of 12 months' duration; patient 32 had prior ACME grade 2 and moderate disc leakage of 4-5 months' duration; and patient 33 There was low correlation between the grade of macular leakage and visual acuity, the grade of disc leakage and visual acuity, and the duration of leakage and visual acuity ( Table 2) .
ELECTROPHYSIOLOGICAL RESULTS
Controls. The electrophysiological data of the controls tested with high plus lenses were not significantly different from those having IOLs. Likewise the data for ICCE versus ECCE controls were not found to be significantly different. Therefore the data from all controls were grouped for further analysis. Seventeen of 32 eyes (53%) had PERG amplitudes below the control range. Of these, eight had unilaterally absent PERG responses and the remaining nine had a mean interocular difference in amplitude of 4-6±1-7 RV. Eight of 17 had both abnormal FERG and PERG responses, and nine of 17 had only abnormal PERG responses. Those patients with only abnormal PERG amplitudes had a calculated mean visual acuity of 20/98, whereas those with both tests abnormal had a calculated mean visual acuity of 20/123. This difference was not statistically significant. The difference in the PERG response, therefore, was not related to reduction in visual acuity in this group. It is also interesting to note that the patient group with only abnormal PERG responses had a significantly longer mean duration (11 8 months) than the other ACME patients.
Only four patients (five eyes) had prolonged latencies (>131 ms). Two of these patients (Table 1, patients 2 and 11) sustained postoperative ischaemic papillopathy with visual field defects, afferent pupillary defects, and optic nerve head changes. The third patient had slightly prolonged latencies (133 ms) in both eyes with normal pupillary responses, normal visual fields, and normal optic discs. The fourth patient, likewise, had slightly prolonged latency (136 ms) with normal pupillary responses, visual fields, and optic discs.
Ten of 31 (32%) of the ACME eyes had steady state VER amplitudes below the control range.
A correlation matrix showed little relationship between the grade of macular oedema and a single electrophysiological result, between the grade of disc leakage and the electrophysiological results, or between duration of oedema and the electrophysiological results (Table 2 ). However, of the four patients with no leakage (disc or macula) at the time of testing three had normal electrophysiological findings. The remaining patient had persistent visual loss (20/50) and abnormal electrophysiological results.
Discussion
The major findings of this study were: (1) focal electroretinogram amplitudes were abnormal in 35% of the patients tested who had aphakic cystoid macular oedema; and (2) pattern electroretinogram amplitudes were abnormal in 53% of ACME patients, with over one-half of these patients having no associated FERG abnormalities.
The focal electroretinogram is a specific test of the temporal responsiveness of the central 10°of retina, and, like the flash electroretinogram b wave, the presence of a FERG response requires integrity of the outer retinal layers and particularly Mueller cell function.8 Certain macular diseases have been shown to be associated with reduced FERG amplitudes. The deficits are initially observed at the higher temporal frequencies and involve the lower frequencies as visual acuity decreases.9 Thus, for example, in Stargardt's disease with visual acuity between 20/60 and 20/100 the FERG response is absent at all temporal frequencies. 9 Histological studies of human CME eyes have shown pathological changes occurring predominantly in the outer retinal layers, namely, accumulation of fluid in Henle's outer plexiform layer and in the bipolar neural layer,2 "'I2 photoreceptor cell dropout, and Mueller cell swelling and necrosis in the outer retinal layers."' Our findings of FERG reduction in ACME patients supports these prior histopathological findings.
Recently the PERG has been shown to reflect inner retinal layer function. Maffei and Fiorentini'3 showed a marked reduction of PERG amplitude and preserved diffuse flash ERG amplitude some weeks after section of the cat optic nerve and after ischaemia caused by temporary blockage of the retinal artery. The clinical importance of the PERG lies in the fact that it has been shown to be abnormal in diseases in which the optic nerve is primarily or secondarily affected and where the flash ERG is normal. In patients with severe visual loss and poor acuity caused by optic neuritis, ischaemia, or compression of the nerve no PERG response has been found in spite of normal flash ERG responses. 14t6 These findings support the hypothesis of an inner retinal layer origin for the PERG.
Seventeen of 31 (53%) of the ACME eyes in our study had abnormal PERG amplitude. These patients fell into two groups: nine of the 17 eyes had normal FERG responses and abnormal PERG responses, and eight of the 17 showed abnormalities in both responses. FERG reduction itself may cause a reduced PERG, since the functioning of the inner layers must reflect the quality of the input from the outer retinal layers. However, a large number of these patients had normal outer retinas as reflected in their normal FERG responses. In the presence of a normal FERG, PERG abnormalities must solely reflect inner retinal layer dysfunction. Although most of the visible pathological changes have been described as occurring in the outer retina, it appears that perifoveal capillary leakage and optic disc leakage may additionally cause significant changes in inner retinal layer physiology. A recent histological analysis of a human CME (not aphakic) eye reporting swollen mitochondria in optic nerve ganglion cells and swelling of the associated glial cells'7 provides supportive evidence for a lesion of the inner retinal layer in ACME.
Since most patients with ACME have associated disc leakage in addition to macular oedema on fluorescein angiography, we used the VEP to test latency in these individuals. VEP latencies have been shown to be prolonged in cases of optic neuritis of demyelinating origin, ischaemic or compressive optic nerve disease, or optic atrophy.'8 '9 Although 27 of 33 eyes examined in this study showed some degree of optic disc leakage, only four patients had delayed VEP latencies. Two of these patients had severe postoperative ischaemic papillopathy, with associated visual field loss, afferent pupillary defects, one with optic disc pallor, and the other with 4+ disc hyperaemia. Thus there is rarely significant change in the conduction pathway of the optic nerve associated with optic disc leakage in ACME.
The steady state VEP has been previously used as a sensitive assay of the processing of spatial contrast information.' VEP contrast deficits with normal Snellen acuities have previously been demonstrated with the VEP.2' 22 32% of the patients in this study showed abnormal VEPs at low contrast when compared with matched controls. These findings, however, can be used only as indicators of non-specific visual loss, since patients with both macular disease13 and optic neuropathy2' have been shown to have abnormal steady state VEP responses.
We found poor correlation between the electrophysiological results and the grade of macular leakage, or the duration of leakage, or the visual acuity. Similarly we found little correlation between visual acuity and disc leakage, or between visual acuity and ACME grade. These low correlations probably represent the limitations of the measurements. ACME grade and disc leakage may fluctuate, and the grade assigned at any particular time may not reflect the past extent of the leakage. Likewise duration alone does not reflect the severity of the pathology. For example, patients 30-33 had no leakage (disc or macula) at the time of testing, whereas all had prior clinical ACME of varying severity. Higher correlation may be found if the entire time course of the disease (including these fluctuations in degree) in a particular patient are included.
CONCLUSIONS
In addition to the obvious outer retinal layer pathology described by histological study and confirmed in the present study by abnormal FERG findings we found PERG abnormalities in a large number of ACME patients. These results suggest additional unobserved pathology involving the inner retinal layers in aphakic cystoid macular oedema, a disorder which has previously been thought of as predominantly an outer retinal dysfunction. This may explain the more severe visual loss seen in some patients where the ophthalmologically visible retinal changes do not seem sufficient to explain such reduction of vision. 
